Aliso: A Journal of Systematic and Floristic Botany
Volume 2

Issue 4

Article 4

1952

Genetic and Taxonomic Studies in Gilia: II. Gilia Capitata
Abrotanifolia
Verne Grant

Follow this and additional works at: https://scholarship.claremont.edu/aliso
Part of the Botany Commons

Recommended Citation
Grant, Verne (1952) "Genetic and Taxonomic Studies in Gilia: II. Gilia Capitata Abrotanifolia," Aliso: A
Journal of Systematic and Floristic Botany: Vol. 2: Iss. 4, Article 4.
Available at: https://scholarship.claremont.edu/aliso/vol2/iss4/4

EL ALISO

VoL. 2, No. 4, pp. 361-373

AUG.

31, 1952

GENETIC AND TAXONOMIC STUDIES IN GILIA
II. GILIA CAP IT ATA ABROTANIFOLIA
Verne Grant*
INTRODUCTION

The mountains of southern California and northern Baja California are
inhabited by a form of capitate gilia which, though common enough, has
heretofore gone almost completely unrecognized in American floras. This
plant was regarded as a distinct species by Nut.tall (unpubl. ms.) and Greene
(1895), who gave it the name Cilia abrotanifolia. But a long series of botanists,
both before and after Greene's description, have confused the entity with
Cilia achilleaefolia (De Candolle 1845; Gray 1886; Brand 1907; Mason 1925;
Munz 1935; Jepson 1948). Mason and A. Grant (1951) included it in their G.
achilleaefolia subsp. staminea. The evidence to be reported in this paper, as
gained from detailed field work, morphological comparisons, herbarium
studies, and genetic and cytological analyses, reveals that the southern Californian capitate gilia is not particularly close to Cilia achilleaefolia. It is,
however, quite closely related to Cilia capitata. There are good reasons, indeed, for regarding it as an eighth race in this large polytypic species, and it
is accordingly renamed Cilia capitata subsp. abrotanifolia (Greene) V. Grant.
The study of Cilia capitata abrotanifolia was commenced in 1948. A large
part of the work was supported by a National Research Fellowship. Theresearch during the year of the fellowship was done under Drs. J ens Clausen,
David D. Keck, Wm. M. Hiesey, and Paul Grun at the Carnegie Institution of
Washington in Stanford, California. The author is very grateful to these men
for valuable guidance, and to the Carnegie Institution of ·washington and
the National Research Council for generous hospitality and financial assistance. The cross-pollinations were made by Mrs. Alva Grant. The manuscript
was read and criticized by Dr. Philip A. Munz and Mrs. Grant.
GENERAL DESCRIPTION

As will be seen from fig. I, Cilia capitata abrotanifolia is a tall annual herb
with large, much-dissected basal leaves, well branched stems which are naked
above, and terminal globose heads composed of numerous flowers. The corolla
is pale blue-violet or white with a short tube, a short broad throat, and ascending lobes, and the anthers are exserted. In these and other respects, G.c.abrotanifolia is similar to some of the subspecies of Cilia capitata.
It is distinguished from the other forms of Cilia capitata by its somewhat
looser heads. In the key given in the first paper in this series (Grant 1950: 301),
this was expressed by saying that the heads in G.c.abrotanifolia are composed
"Rancho Santa Ana Botanic Garden.
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of 25 to 50 flowers on pedicels 1 to 2 mm. long, as compared with heads of 50
to 100 flowers on pedicels I mm. long or less in the northern races. A second
distinguishing character is found in the hairiness of the inflorescence. Cilia
capitala abmtanifolia has sparsely floccose calyces which do not form a tuft of
hairs at the base of the head; in the other races of Cilia capitata the heads, if
floccose at all, are generally densely so with a nest of white hairs at the base.
As compared with Cilia achilleaefolia, with which it has been so often con-

Fig. I . Growth habit, inflorescence and llowers of two strains of Cilia capita /a abmtanifolia
grown in the greenhouse at Stanford . Left, strain from Kernville in the Greenhorn Mts.;
right, strain from Mentone in the foothills of the San Bernardino Mountains.

founded in the past, G.c.abrotanifolia possesses numerous distinguishing
characters. The heads are globose in G.c.abmtanifolia, but fan-shaped and
few-flowered in G. achilleaefolia. The calyx lobes have a narrow green midvein flanked by broad hyaline margins in G.c.ab1·otanifolia, whereas there are
a relatively broad green band (0.2-0.8 mm. wide) and correspondingly narrow
hyaline margins in G. achilleaefolia. The corolla throat is short and the lobes
are erect and ascending in the former entity, while in the latter the throat is
long and the lobes vary in position from erect to rotately spreading. Finally,
.the anthers are exserted in G.c.abrotanifolia, but included in G. achilleaefolia.
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Fig. 2. The geographical distribution of G. c. abrotanifolia compared with that of G. c.
staminea and G. c. pedemontana.

364

EL ALISO

[VoL. 2, No.4

GEOGRAPHICAL DISTRIBUTION

The range of G.c.abrotanifolia is shown in fig. 2. This plant of sunny foothills and open mountain slopes extends from northern Baja California
through southern California to the Santa Inez and San Rafael Mountains
in Santa Barbara County. It is found on Santa Cruz Island off the Santa Barbara coast. To the interior it extends through the Tehachapi Mountains to
the Greenhorn Mountains and the southern Sierra Nevada as far north as
Madera County.
Cilia achilleaefolia is a plant of the coastal plain and the foothills of the
South Coast Range from northern Santa Barbara County to San Francisco
Bay. So far as we know at present, its distribution area is wholly allopatric
with respect to G.c.abrotanifolia. On the coast, G.c.abrotanifolia reaches its
northern limit in the Santa Inez Mountains; while G. achilleaefolia finds its
southern limit in the sand hills between Casmalia and Surf. In the interior,
G.c.abrotanifolia ranges north through the San Rafael Mountains, while G.
achilleaefolia extends south to the Cuyama Valley. The gap between the southern and northern entities is in each case a matter of tens of miles. It may be
hoped that future botanical explorations in northern Santa Barbara County
will extend the known ranges of Cilia achilleaefolia and G.c.abrotanifolia
and shed more light on their geographical relationships to one another.
The geographical relationships between G.c.abrotanifolia on the one hand
and G.c.staminea and G.c.pedemontana on the other are shown by the map in
fig. 2. The ranges of G.c.abrotanzfolia and G.c.staminea are for the most part
mutually exclusive. The latter race reaches its southern limit in the upper
San Joaquin Valley well to the north of the Tehachapi Mountains where
G.c.abrotanifolia holds sway. But the ranges of the two races overlap toward
the east in the foothill country around Exeter (Tulare County). Cilia capitata
staminea drops out at this point, being replaced in the Sierra Nevada foothills to the east by G.c.pedemontana. The ranges of G.c.pedemontana and
G.c.abrotanifolia then overlap for a long distance from Tulare County north
to Madera County.
IsoLATING MEcHANISMS

Cilia capitata abrotanifolia was found growing sympatrically with G.c.pedemontana on a sandy plain of the Kaweah River near the settlement of Three
Rivers in May 1948. The two types were in full bloom at this time and were
growing within a few feet of one another in the canyon bottom. There was
some ecological segregation, in that G.c.pedemontana occurred in open sandy
places with sparse grass cover, while G.c.abrotanifolia grew with tall grass in
the partial shade of Arctostaphylos and Rhamnus shrubs. The plants of
G.c.pedemontana were distinguished by their densely floccose heads, blueviolet flowers, and the simple dissection of their leaves, while the plants of
G.c.abrotanifolia had sparsely floccose heads, white corollas with relatively
narrow lobes, and intricately dissected leaves. There were no recombinations
of these characters to be found in the colony.
A search through the area resulted in the finding of additional colonies of
Cilia capitata downstream from the first. Well over a hundred individuals
were examined, of which all but one were clearly distinguishable as either
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G.c.pedemontana or G.c.abrotanifolia. The one exception was a plant with
the white flowers and sparsely floccose heads of the latter entity combined
with the simple leaf dissection of the former. There was, in short, no field evidence that would entitle us to conclude that hybridization occurred on any
appreciable scale in this area.
Seeds were harvested on the two types of individuals in the first colony and
grown to maturity the following spring (1949). Sixty progeny of G.c.pedemontana and 30 of G.c.abrotanifolia wer.e thus grown, and all the progeny
came true to type. Greenhouse tests showed the Kaweah strain of G.c.abrotanifolia to be partially self-incompatible, setting only a small proportion of
capsules with'its own pollen, while G.c.pedemontana is predominantly outcrossed also (see below). These results combined with those of the progeny
test and the population analysis can only mean that natural cross-pollination
in the Kaweah River colony is largely confined within two breeding populations. The question which next arose was the nature of the mechanism responsible for this reproductive isolation between G.c.pedemontana and G.c.abrotanifolia.
The two sympatric strains and several allopatric strains were int~rcrossed
in order to determine the ease of crossing, the fertility of the first generation
hybrids, the homology of the chromosomes, and the viability of the second
generation hybrids. The following strains of G.c.abrotanifolia were employed:
Kaweah River in the Sierra Nevada; Kernville in the Greenhorn Mountains;
and Mentone in the foothills of the San Bernardino Mountains. They were
crossed with: G.c.pedemontana from Kaweah River; G.c.staminea from Antioch in Contra Costa County; and G.c.capitata from the Mayacama Mountains in the North Coast Range.
The crosses were made in the greenhouse, the female parents being isolated
in breeding cages and emasculated from day to day. A record was kept of the
number of flowers pollinated, the number of capsules set, the number of wellformed seeds obtained, and the number of F 1 hybrids which these seeds produced.
Preliminary tests showed that all strains of G.c.abrotanifolia were alike in
requiring ins'ect visits for seed formation. There were marked differences between the strains, however, in regard to self-compatibility. The Mentone
strain proved to be self-compatible, whereas the Kernville strain was selfincompatible. The Kaweah River strain showed a reduced degree of self-compatibility; out of ten flowers that were selfed, two set capsules. The F 1 hybrids
of this strain varied in self-compatibility according to the breeding behavior
of their other parent. ·when crossed with self-compatible staminea, the F 1
hybrid was self-compatible; when crossed with self-incompatible capitata, the
F 1 was self-incompatible.
It was established also that the Kaweah River and Mentone strains of abrotanifolia are freely intercompatible. The Kaweah River strain of pedemontana is similarly intercompatible with staminea. The fact that staminea and
capitata cross easily with one another has already been recorded (Grant 1950) .
.We may therefore proceed to an examination of the crossability relationships
between abrotanifolia on the one hand, and pedernontana, staminea and
capitata on the other.
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TABLE 1. CROSSABILITY BETWEEN C.CABROTANIFOLIA AND THREE
OTHER RACES OF CILIA CAPITATA
No.
flowers
pollinated

Hybrid combination
~

J

No.
capsules
set

24
38
33
31
15
38
32
60
26

abrotanifolia Kaweah X pedemontana Kaweah
pedemontana Kaweah X abrotanifolia Kaweah
a'brotanifolia Kaweah X staminea Antioch
staminea Antioch X abrotanifolia Kaweah
abrotanifolia Kaweah X capitata Mayacama
abrotanifolia Kernville X pedemontana Kaweah
pedemontana Kaweah X abrotanifolia Kernville
abrotanifolia Mentone X pedemontana Kaweah
pedemontana Kaweah X abrotanifolia Mentone

No.F 1
seeds
harvested

24
10
18
0
several

31
14
52
25

90
132
122
0
2
260
127
10
10

TABLE 2. FERTILITY AND VIABILITY OF HYBRIDS BETWEEN
C.C.ABROTANIFOLIA AND THREE OTHER RACES OF CILIA CAPITATA
Cross

Vigor

pede Kaweah X ab Kaweah
ab Kaweah X st Antioch
ab Kaweah X ca Mayacama
ab Kernville X pede Kaweah
ab Kaweah X ab Mentone
pede Kaweah X st Antioch

F2

Fl

vigorous
vigorous
vigorous
vigorous
vigorous
vigorous

Mean
pollen
rertility

66%
77%
69%
75%
90%
44%

Seed
fertility
low
high
low
high
high
high

No.
plants
grown

Vigor

141
80
0
0

all vigorous
all vigorous

several

all vigorous
all vigorous

125

The crossing data are summarized quantitatively in table I and shown
graphically in fig. 3. It is seen that the sympatric strains of abrotanifolia and
pedemontana at Kaweah River cross very easily with one another. The Kaweah River strain of abrotanifolia also crosses readily with staminea from
Antioch (at least in one direction), and the Kaweah River strain of pedemontana crosses well with abrotanifolia from Kernville. But it is relatively difficult
to hybridize abrotanifolia from Kaweah River with capitata from Mayacama
Mountains (at least in the one direction that was attempted), or pedemoritana
from Kaweah River with abrotanifolia from Mentone. These results definitely
run counter to expectation on the hypothesis that the sympatric strains ought
to show the greatest degree of incompatibility. On the contrary, if there is any
correlation to be found in these data, it is that compatibility decreases in proportion to geographical remoteness.
The first and second generations derived from several of the original
crosses were grown in succeeding years and observed for vigor and fertility. The results are recorded in table 2. The data for two inter-strain
crosses, one within abrotanifolia and the other between pedemontana and
staminea, are presented for comparison. It will be seen from the table that the
hybrids were vigorous in both generations and were quite fertile. A low set
of seeds obtained on two hybrids of abrotanifolia from Kaweah River is explained by the total or partial self-incompatibility of the single individual
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cross with esse
cross with difficulty

Fig. 3. Diagram to show relative ease of crossing between various sympatric and allopatric
strains of Gilia capitata.

grown in each combination. The hybrids between abrotanifolia and the other
races of Cilia capitata are in general no less vigorous or fertile than those between different strains of one race.
These results bring us to the following enigma. Cilia capitata abrotanifolia
and C.c.pedemontana overlap in range in the southern Sierra Nevada and
occur sympatrically in at least one known station. Field studies and progeny
tests show that they do not hybridize in nature to any appreciable extent. Yet
they cross freely in the experimental garden and their hybrids are vigorous
and fully fertile. What barrier, then, keeps them apart in nature?
If there is reproductive isolation, and if it is not accomplished by any internal mechanism, then it must be brought about by some external barrier.
There are two known external isolating mechanisms which appear to be
relevant to the present case. First, the two sympatric populations may differ
in ecological tolerance and may find in a given habitat niches suitable for
themselves and their own progeny, but not for their hybrids (Anderson 1948).
Some ecological discrimination against hybrids may well be operating in the
case of abrotanifolia and pedemontana, for these two entities do differ in
vegetative ecology as described on p. 364. This cannot be the whole story,
however, since the progeny test provided evidence that hybrids are not often
being formed.
The burden of isolation would thus seem to be placed on a second known
mechanism, which has its basis· in differences in the pollination system of the

[VoL. 2, No. 4
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sympatric populations (Grant 1949). The flowers of Gilia capitata are typically pollinated by bees. The different races constituting this species are sufficiently differentiated in their floral characters to enable the bees to distinguish
between them and to remain constant with one race or another in their visitations. Cilia capitata capitata and C.c.Chamissonis were thus ethologically
isolated in garden plantings (op. cit.), and it seems reasonable to suppose that
a similar system of non-random pollination would obtain between C.c.abrotanifolia and C.c.pedemontana in nature. Field observations to clear up this
interesting point are planned for the near future.
CYTOLOGY

Three strains of C.c.abrotanifolia were determined for chromosome number and found to haven= 9 as in the other races of Cilia capitata. The counts
were obtained from pollen mother cells fixed in a mixture of chloroform,
ethanol and propionic acid, and smeared and stained in propiono-carmine.
The strains counted were as follows:

Locality
Kaweah River
Mentone
Wheeler Hot Springs

County
Tulare
S. Bernardino
Ventura

Mountain Range
Sierra Nevada
San Bernardino
Topatopa

Collection No.
V. Grant 848lb
V. Grant 8699
V. Grant 8705

Meiosis was analyzed in the F 1 hybrid of abrotanifolia Kaweah River X
staminea Antioch with the following results (see fig. 4). There were 9 wellpaired bivalents in 62 first metaphase cells, and 8 bivalents plus 2 unpaired
chromosomes in one cell. An association of three chromosomes was seen in one
instance. The chiasma frequency at first metaphase was found to be as great
in the hybrid as in either parent, as shown in table 3. Anaphase figures were
uniformly normal without laggards or chromatin bridges. Four normal-apTABLE 3. CHIASMA FREQuENCY AT METAPHASE I IN G.C.ABROTANIFOLIA,
G.C.STAMINEA, AND THEIR F 1 HYBRID

Strain

Mean no.
chiasmata
per bivalent

No.
cells

1.13
1.22
1.18

39
66
80

abrotanifolia Kaweah R.
ab X st
staminea Antioch
F1

pearing microspores without micropollen or other irregularities were seen in
all of the 50 sporads examined. Meiosis is thus almost, if not quite, as normal
in the hybrid between abrotanifolia and staminea as it is in the races themselves.
RELATIONSHIPS

Although C.c.abrotanifolia has frequently been lumped with Cilia achilleaefolia in the past, its morphological characters clearly separate it from that
species, and relate it to Cilia capitata. The genetic and cytological evidence
agrees with the conclusions based on morphology. Cilia capitata abrotanifolia
crosses easily with various races of Cilia capitata, the hybrids are vigorous and
fertile, and the chromosomes are fully homologous. Numerous and long-con-
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tinued attempts to cross C.c.abrotanifolia or other races of Cilia capitata with
Cilia achilleaefolia, on the other hand, have always resulted in failure. There
are reasons for believing, moreover, that the chromosomes of these two species
are sufficiently dissimilar in gene arrangement to interfere with normal bivalent pairing in any F 1 hybrid that could be produced (unpubl.). All lines of
evidence agree, therefore, that C.c.abrotanifolia is closely related to Cilia
capitata but rather distantly related to Cilia achilleaefolia.

ob

st

)Off\ [)\r

Fig. 4. Paired chromosomes at first metaphase in pollen mother cells of G. c. abrotanifolia,
from Kaweah River, G.c.staminea from Antioch, and their F 1 hybrid. From camera Iucida
drawings, X 1600.

The question which next arises is the degree of kinship between C.c.abrotanifolia and Cilia capitata. Is C.c.abmtanifolia a geographical race or a
closely related species? Throughout the major part of its range it is a typical
geographical race, but in one area where it occurs sympatrically with C.c.pedemontana it behaves like a perfectly good species. Cilia capitata abrotanifolia,
in short, is an entity intermediate in its level of evolutionary divergence between a geographic race and a full-fledged species.
In the taxonomic classification adopted here we have chosen to emphasize
the close genetic relationships and predominantly allopatric distribution of
C.c.abrotanifolia with respect to Cilia capitata by treating it as a subspecies.
The alternative disposition- to treat it as a species- would also be justifiable.
Great theoretical importance is attached to borderline cases such as this, for
they demonstrate the truth of Darwin's assertion that races may sometimes be
incipient species. Overlapping rings of races have been reported in birds, insects, snails and various other animal groups (see Mayr 1942: 176-185).
In the earlier paper on Cilia capitata (Grant 1950), it was suggested that
certain northern races of this species were ultimately derived from hybridizations between two primary races, C.c.capitata and G.c.staminea. These races
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are differentiated in respect to a considerable series of characters. Cilia capitata capitata is a plant of mountain slopes; its corollas are small, pale blueviolet, narrow-lobed; the floral heads are glabrous; and the plants are selfincompatible. Cilia capitata staminea, on the other hand, occurs on sandy
plains; it is self-compatible; the heads are densely floccose; and the flowers
are large, more deeply colored, and broad-lobed. The ability of these two
races to freely interchange genes means that they must have diverged from a
common ancestor.
If we were to reconstruct the appearance of that ancestor it would not
greatly differ from the living C.c.abrotanifolia. This plant possesses a character which is not present in any of the other races of Cilia capitata, but which
must have existed in their ancestor, namely a looseness of inflorescence. In
this respect it is transitional between Cilia capitata and the other, more generalized members of the genus, which form open cymes.
Cilia capitata abrotanifolia inhabits rocky hillsides but commonly drifts
down into sandy washes. Montane strains are self-incompatible like C.c.capitata, while a strain from a low sandy wash is self-compatible like C.c.staminea.
The flowers vary from very pale to deeper shades of blue-violet. The corollas
are medium-small with medium-narrow lobes. The heads are neither extremely glabrous nor extremely hairy, but sparsely floccose. Except for the
looseness of the inflorescence, therefore, C.c.abrotanifolia is intermediate between C.c.capitata and C.c.staminea. A divergence is apparent between the
populations of this entity, moreover, which foreshadows the much sharper
differel).tiation of C.c.capitata and C.c.staminea. ·Figure 1 shows examples of
the montane and {oothill ecotypes within C.c.abrotanifolia.
That divergence could be part of a process of emigration out of a southern
center of origin into more northern areas. The geographic position of C.c.abrotanifolia in the mountainous areas just south of the present ranges of C.c.
capitata and C.c.staminea is. highly strategic for such migrations. Lowland
colonies of C.c.abrotanifolia in this area would be in a position to give rise
to an ecotype adapted to the sandy plains of the San Joaquin Valley (C.c.staminea), while other colonies in the pine belt could be the starting point for a
northern mountain ecotype (C.c.cajJitata ).
This hypothesis visualizes C.c.capitata and C.c.staminea separating from
the ancestral stock - as typified by the present-day C.c.abrotanifolia - in
some southern mountain area during Pliocene time. Subsequently, but during the same period, C.c.capitata attained its northern distribution by migrating northward from its center of origin through the Sierra Nevada to the
Cascade Mountains and the North Coast Range. The colonization of the
sandy lowland plains by C.c.staminea meanwhile led that entity northward
from the same center through the San Joaquin Valley and westward through
the tidal passes to the Pacific strand, where the maritime populations became
differentiated as the ecotype C.c.Chamissonis. Range extensions during the
next geological period, the Pleistocene, then led to hybridization between the
primary northern races (C.c.capitata X C.c. staminea and its maritime counterpart Chamissonis) with the consequent formation of several new variable
races (C.c.pedemontana and others, see Grant 1950). Range extensions involv-
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ing one of the new races of hybrid origin, C.c.pedemontana, and the conservative ancestral race, C.c.abrotanifolia, did not result in hybridization, however, but rather in speciation.
TAXONOMY

Gilia capitata subsp. abrotanifo1ia comb. nov.
Cilia abrotanifolia Nutt. ex Greene, Erythea 3: 104, 1895. (type examined
for the author by Dr. David D. Keck).
Cilia achilleaefolia subsp. abrotanifolia Brand, Pflzr. IV 250: 111, 1907.
Annual herbs; plants tall, 20-80 em. high, commonly branching from base;
stems floccose or glabrous below and glandular or glabrous above; basal and
lower cauline leaves unipinnately or bipinnately dissected, 4-12 em. long, the
primary lobes 0.5-3.0 em. long, the ultimate segments somewhat falcate, 0.52.0 mm. wide, the upper cauline leaves smaller, 0.5-4.0 c:m. long, pinnate,
frequently appearing as if palmate, the axils of the leaves usually floccose;
inflorescence capitate or subcapitate, the heads several, terminal on naked
peduncles 4-25 em. long, 25-50-, or sometimes 15-flowered, 1.5-3.0 (4.0) em.
broad, the flowers subsessile on pedicels 1-2 mm. long; calyx in flower 3-5 mm.
long, accrescent, lightly floccose, the lobes acuminate, with a narrow, elevated
midrib 0.1-0.5 mm. wide prolonged into a short recurved tip, flanked on both
sides by hyaline wings with curved edges 0.5-0.9 mm. wide at the sinus, the
midrib greenish to purplish brown and the wings blue-violet to lavender (or
sometimes colorless), the calyx as a whole frequently appearing lead-blue;
corolla funnelform, 8-11 (14) mm. long, twice as long as the calyx, blue-violet,
frequently with a leaden hue, or almost white, the lobes erect and ascending,
oval, 1.5-3.0 mm. wide; stamens inserted in the sinuses of the corolla, exserted,
the filaments 2-4 mm. long; style exserted, 1-3 mm. longer than the corolla
at maturity, stigmas 1-2 mm. long; capsule ovoid, dehiscent, 9-18-seeded;
seeds ovoid, 1.0-1.5 mm. long, the coat verrucose, brown.
Type.-Santa Barbara, California, Thomas Nuttall, 1835. British Museum.
The Nuttall specimen was kindly examined for the author by Dr. David D:
Keck in 1950, and found to be a fairly good match for a recent collection from
the same general area (V. Grant 8705, Wheeler Hot Springs, Ventura County).
Range.-Loose soil of open sunny hillsides and bluffs, 30-6400 ft.; mountains of Baja California and southern California, north along the coast to
Santa Barbara County and Santa Cruz Island, and in the interior through the
Tehachapi Mountains and southern Sierra Nevada to Madera County. Occurs
with Cilia splendens, G. gilioides, G. capitata pedemontana, G. angelensis,
and other species of Cilia. Flowers in April and May.
Variation.-Gilia capitata abrotanifolia is relatively uniform throughout
its diversified range. The plant of the eastern slope of the Greenhorn Mountains has a striking appearance due to the lead-blue color of its corolla and
calyx. On the western slopes of that range, as well as in the southern Sierra
Nevada, the color of the corollas is considerably softened and lightened, and
in the South Coast Range the special pigmentation of the calyx is lost too,
leaving the midrib pure green and the sinus membranes col(!)fless. In southern
California the flowers are moderately colored. The moister coastal areas in
southern California are populated by relatively robust plants with well-
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branched stems and dense heads; while the upland pine woods of the interior
mountain ranges have more slender plants with narrower heads, and the
plants become generally reduced in stature with loose scrawny heads in the
arid interior mountain areas of southern California and Baja California.
Specimens cited.-MF.XICO. Baja California: Santo Tomas, I. L. Wiggins 4543,
F. W. Pennell 25227; San Jose, I. L. Wiggins 10041. CALIFORNIA. San Diego Co.:
San Diego, K. Brandegee (1905); Buckmans Springs, P. A. Munz 9644; Hot Springs
Mt., A. Carter 1812, 1829. Riverside Co.: Hemet Valley, P. A. Munz 5434, V. Grant
8578; Dripping Springs, P. A. Munz 10425. San Bernardino Co.: San Bernardino Mts.,
H. M. Hall 928, S. B. Parish 11405. Los Angeles Co.: Gorman, F. W. Pennell 25137;
San Gabriel Canyon, P. A. Munz 9409; Santa Monica Mts., I. W. Clokey 4476, C.
Epling (1931). Ventura CD.: Oxnard, V. Grant 8702; Wheeler Hot Springs, P. A.
Munz 13213, V. Grant 8705. Santa Barbara CD.: Santa Inez l\1ts., T. S. Brandegee
(1888), A. D. E. Elmer 3916. Kern Co.: Tehachapi, A. A. Heller 7832, C. M. Belshaw
515; Kern Canyon, A. A. Heller 7663, V. Grant 8468; Greenhorn Mts., L. Benson 3082,
V. Grant 8472, 8473, P. A. Munz 13159, 13342. Tulare Co.: Milo, C. B. Wolf 4692;
Visalia, P. S. Woolsey (1898), L. C. Watson (1910); Exeter, H. L. Mason, 11716; Three
Rivers, V. Grant 8481 b. Fresno Co.: Dunlap, C. B. Wolf 4736, V. Grant 8484. Madera
Co.: Coarsegold, L. Constance 2206, V. Grant 8494.

Herbaria consulted.-Rancho Santa Ana Botanic Garden, Pomona College, University of California, University of California at Los Angeles, Stanford University, California Academy of Sciences. The author is greatly indebted to the curators of these herbaria for the loan of specimens.
SuMMARY

The capitate gilia of southern California, which is erroneously included in
Cilia achilleaefolia in most regional floras, is. related to Cilia capitata by its
morphological characters. It crosses readily with various strains of Cilia capitata to yield vigorous and fertile hybrids with regular meiosis, but does not
cross with Cilia achilleaefolia at all. Its main area of distribution in the mountains of southern California and northern Baja California is allopatric in
relation to the areas occupied by the members of Cilia capitata in central and
northern California and the Pacific Northwest. It is therefore regarded as
forming another geographical race in that polytypic species, and is accordingly given the name Cilia capitata subsp. abrotanifolia (Greene) V. Grant.
It is speculated, on the basis of its morphological characters, range of variation, and geographical position, that C.c.abrotanifolia may represent the common ancestral type from which those primary northern races, C.c.capitata
and C.c.staminea, both diverged in past ages.
A remarkable feature about C.c.abrotanifolia is that, while behaving as a
typical geographical race in southern California, it overlaps in range with
C.c.pedemontana in the southern Sierra Nevada, and occurs sympatrically
with that entity in at least one known station on the Kaweah River. Hybridization between the sympatric populations, if it occurs at all, must be on a small
scale, for evidence of it could not be detected from field studies or progeny
tests. It is not clear just what isolating mechanism is operating between the
two populations. The sympatric strains of Cilia capitata cross as easily with
one another as allopatric strains. The absence of any known internal barriers
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seems to throw the burden of isolation on external barriers. Since G.c.abrotanifolia and G.c.pedemontana bloom simultaneously but do not cross naturally to any appreciable extent, as the progeny test showed, it is suspected
that they are primarily separated during the stage of pollination. Ethological
isolation by pollinating bees is definitely a possibility to be investigated in
future studies. The floral isolation is probably reinforced by ecological isolation. The races of Cilia capitata thus overlap in one part of their range,
where they have become differentiated as reproductively isolated species.
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